associated with a higher prevalence of autonomic dysBackground. Autonomic neuropathy is frequently pre-function in dialysis-dependent patients [5] [6] [7] [8] . The only sent in dialysis patients. In addition, deterioration of published study of autonomic dysfunction in elderly autonomic function occurs with ageing. This study dialysis patients compares nine patients aged 66-76 examines the true prevalence of autonomic neuropathy years with 11 patients aged 35-55 years [5] . This shows in elderly dialysis patients and questions whether the that elderly patients have increased autonomic dysfunccombination of age and uraemia further increases the tion, but because of small numbers the prevalence chance of dysautonomia being present.
Introduction
dialysis in the Renal Unit, Belfast City Hospital, were approached. The study was fully explained and an explanation sheet given to the patient. Written consent was obtained. Table 1 . Responses to cardiovascular autonomic tests [9] (see text was assessed clinically and fluid overload suspected if the for details) patient was more than 1 kg over his/her dry weight. If either coexistent illness or evidence of fluid overload was found, the study was deferred until these were resolved. Any medica- and creatinine clearance. The exclusion criteria included a past history of uncontrolled hypertension contraindicating antihypertensive withforced expiration at 40 mmHg for 15 s. The ratio of the drawal, unstable cardiac disease preventing withdrawal of shortest RR interval during expiration and the longest medication, or a history of neoplasia or atrial fibrillation.
RR interval after expiration was recorded ( Valsalva ratio). All studies looking at autonomic control of the heart were 3. Heart rate response to deep breathing. After demonstration carried out using standard central cardiovascular tests [9] .
the subject was asked to control his/her breathing at a These were performed a minimum of 36 h after dialysis to rate of 6 breaths per minute for 2 min during which there ensure that no effect could be attributed to the use of acetate was continuous ECG monitoring. The change in heart in the dialysate.
rate was calculated for each cycle and an average of 6 cycles taken.
Control groups
RR intervals were calculated and processed by a computer program and plotted as heart rate against time. Three control groups were used: Blood pressure was recorded using the random zero sphygmomanometer. The same tests of parasympathetic and sympathetic func-2. Blood pressure response to sustained hand-grip. After full tion were carried out on the study subjects and the three explanation the subject was asked to maintain 1/3 maxcontrol groups. Hand-grip tests were not performed in the imal voluntary hand grip for a period of 5 min (minimum younger control population. Results were scored as normal, 3 min). The blood pressure was taken prior to and at borderline, or abnormal according to the ranges given in 1-min intervals during the test and the change in diastolic Table 1 [9] .
pressure from baseline noted.
Overall 'parasympathetic dysfunction' was defined as two
Methods
or more abnormal heart rate responses and 'combined parasympathetic and sympathetic dysfunction' was defined as Tests of parasympathetic control those individuals with overall parasympathetic abnormality 1. Heart rate response to standing. Each subject was allowed and an abnormal response to one of the two sympathetic to rest supine for 10 min prior to the test. The subject tests. was then asked to stand and to remain standing for 2 min. Electrocardiographic monitoring was carried out at a paper speed of 25 mm/s from 1 min before until 30 s after Statistical analysis the subject started to stand. The test was repeated after a further 5 min supine rest. The ratio of the RR interval of For descriptive purposes the responses to all five tests were reported as 'normal', 'borderline' or 'abnormal' using the the 30th beat after starting to stand, measured in millimetres, to that of the 15th beat was recorded. An average standard criteria ( Table 1) . Prevalence rates were reported, using predefined criteria, as the percentage of patients with of the two readings was calculated and taken as the final result (30515 ratio).
abnormal tests. To allow 95% confidence limits to be calculated for the estimated prevalence rates a normal 2. Heart rate response to the Valsalva manoeuvre. A continuous ECG recording was taken during and for 30 s after approximation of the binomial was used. To test whether the presence of dysautonomia was fidence intervals 51.4-80.4%) of dialysis patients aged increased in subjects with increased age and renal failure the over 65 years, and in 33.3% (95% confidence intervals individual responses were introduced into a two-way analysis 19.0-47.5%) of those aged under 65 years. In the of variance. The dependent variable was the test result and control population the prevalence was 11.8% in the the independent variables the age (over 65 years and under over 65-year-old group and 0% in the younger controls 65 years), subject type (patient or control ) and an interaction respectively. Combined parasympathetic and sympathterm generated to identify any effect of both age and subject etic dysfunction was seen in 41.5% (95% confidence type. All significance levels were accepted at the P<0.005 intervals 26.5-56.5%) of the older dialysis patients and level to reduce the chance of error due to multiple testing.
11.9% (95% confidence intervals 2.1-21.7%) of the As younger control patients had not participated in the test of blood pressure response to hand-grip the overall signific-younger dialysis patients but not in any of the control ance of a one-way analysis of variance model and Tukey's subjects. Significance levels were unchanged if the Studentized range test on the three groups was used. Analysis diabetic patients were excluded.
was carried out using Statistical Analysis System software Two-way analysis of variance showed that both 'age' (version 6.12).
and 'subject type' were significant predictors of autonomic response for all three heart-rate tests. The interaction term 'age*subject type' was only significant
Results
for the 30515 test. Subject type showed a main effect on the blood pressure response to standing with no Forty-one patients established on dialysis therapy and effect from age. The interaction term describing age aged over 65 years old were studied. The mean age and subject type was of borderline significance. Details was 70.2 years, with a range of 65-83 years. Forty-are given in Table 5 . The blood pressure response to two young patients established on dialysis and 40 stress was significantly different for the three groups healthy control subjects were also studied using the studied (older dialysis patients, older controls subjects, same tests. Subject details are given in Tables 2 and 3 
. and young dialysis patients). A Tukey test showed no
The median, quartiles and ranges of the responses significant differences between older dialysis patients for all five tests are shown in Figures 1-5 . The preval-and younger dialysis patients and between younger ence rates for each test, defined using standard criteria dialysis patients and older control subjects but a signi- [9] , are shown in Table 4 . Using the prespecified defini-ficant difference between the older dialysis patients and tions for 'parasympathetic dysfunction' and 'combined the older control subjects. sympathetic and parasympathetic dysfunction', parasympathetic dysfunction was seen in 65.9% (95% con- and controls and between younger and older subjects Hypertensive nephropathy 5 7 but not between the older and younger dialysis patients. Glomerulonephritis 8 8 As the lower limit of the 30515 ratio was 1.0 this may ance. Thus it seems unlikely that the combined risk Adult polycystic kidney disease 1 4 profile of increased age and uraemia has any significant Other 3 3 effect on the frequency of dysautonomia. Unknown 5 6 In the clinical setting, autonomic dysfunction is associated with increased morbidity and mortality. studies suggest a more favourable prognosis [14] . Other groups have shown an increased mortality in the Cardiac arrhythmias appear to be more common in dialysis patients with autonomic dysfunction (using the presence of autonomic dysfunction in those with Guillain-Barre syndrome [15, 16 ] and infants affected same tests of dysautonomia as used in this study) [10] . Although this study did not examine the long-term by the sudden infant death syndrome [17] [18] [19] .
Discussion
In a pilot study [20] we previously reported a prognosis of patients with arrhythmias there is data to suggest that the presence of autonomic dysfunction is prevalence of 87.5% for parasympathetic dysfunction and 50% sympathetic dysfunction in patients aged 65 related to sudden death [11] . In the non-renal population similar results are seen. Cardiac patients with low years or more and established on haemodialysis for 7 months or more. In the present study, using a larger heart-rate variability (HRV ), a measure of autonomic dysfunction, have an increased number of fatal group of patients randomly selected from both the haemodialysis population and the CAPD population, arrhythmias in the immediate post-myocardial-infarct period [12, 13] . In the diabetic population Ewing and we found a more accurate estimate of the prevalence of dysautonomia to be 65.9 and 41.5% for paraClarke [5] clearly demonstrate a decreased survival in patients with ANS dysfunction, although more recent sympathetic and combined parasympathetic and sympathetic abnormalities respectively. These estim-measure has been brought into question [21] . In our series the 30:15 test appeared to suffer from floor ates are similar to those proposed by Ewing et al. [5] and support the hypothesis that autonomic dysfunction effects (both older and younger patients had similar results with little variation below the median values). is increased in the older dialysis population. From our data, however, there does not appear to be any potenti-In addition, the high variability seen between tests (data not shown) is believed to reflect the limitations ation in the frequency of dysautonomia when both increased age and end-stage renal disease are present. of using a single clinical autonomic test, and many authors now advocate that a combination of tests be By using strict criteria and only accepting parasympathetic damage as being present if two or more tests used [21] . The criteria used in our study are well validated for both normal populations and for the were abnormal we excluded people with early dysautonomia. As numerous reflexes can be measured the diabetic populations [9] . Control subjects, who were younger but were dialysis dependent had a similar interpretation and data management methods vary from study to study. We chose to use five tests of prevalence to that published by others [3, 4] . By including patients with diabetes mellitus in our series we may autonomic function as the usefulness of a single have increased the prevalence found in our patients Table 4 . Percentage of patients with abnormal responses to central [2] however this difference is small. Statistical significautonomic tests (borderline results are shown in brackets) ance remained even after these patients were excluded from the data.
Patient group
Control group
Rapid changes in body-fluid volume are known to >65 years <65 years <65 years <65 years alter cardiac heart rate patterns with a return to normal autonomic variability after ultrafiltration [22] . 
patients have the highest prevalence of cardiovascular autonomic dysfunction but that no potentiation occurs when both advanced age and chronic renal failure 
